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(57) ABSTRACT 

A method for adhering a coating to a Substrate structure 
comprises selecting a Substrate structure having an outer Sur 
face oriented substantially parallel to a direction of radial 
stress, modifying the outer Surface to provide a textured 
region having steps to adhere a coating thereto, and applying 
a coating to extend over at least a portion of the textured 
region, wherein the steps are oriented Substantially perpen 
dicular to the direction of radial stress to resist deformation of 
the coating relative to the Substrate structure. A rotating com 
ponent comprises a substrate structure having an outer Sur 
face oriented substantially parallel to a direction of radial 
stress. The outer Surface defines a textured region having 
steps to adhere a coating thereto, and a coating extends over at 
least a portion of the textured region. The steps are oriented 
substantially perpendicular to the direction of radial stress to 
resist creep. 
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METHOD FOR ADHERING A COATING TO A 
SUBSTRATE STRUCTURE 

FEDERAL RESEARCH STATEMENT 

This invention was made with Government support under 
Contract No. DE-FC26-05NT42643, awarded by the US 
Department of Energy (DOE). The Government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 

The subject matter disclosed herein relates to systems and 
methods for adhering coatings to Substrate structures and 
more particularly to a method for reducing inelastic deforma 
tion of coatings applied to rotating components. 

In rotating machines, such as turbine engines, components 
often include a coating to achieve a desirable performance, 
durability and/or life attribute of the components. For 
example, coatings may be configured to resist oxidation, ero 
Sion, heat transfer, contamination, and/or other processes. 
Such components typically comprise a Substrate structure 
configured to satisfy a first set of design objectives and a 
coating that is bonded to an outer Surface of the Substrate 
structure, with the coating being configured to satisfy a sec 
ond set of design objectives. The design objectives for a 
Substrate structure may address mass limitations, structural 
requirements, and aerodynamic shape considerations while 
the design objectives for a coating may address different 
considerations such as adhesion to, and protection of the 
substrate structure. Thus, the substrate structure typically, 
though not exclusively, comprises a different material than 
that of the coating. As a result, a rate of thermal expansion for 
the substrate structure may differ from a rate of thermal 
expansion for the coating, causing stresses at the bonds 
between the Substrate structure and the coating. 

In rotating machines, such as turbine engines, rotating 
machinery may be subjected to large radial accelerations, 
causing Sustained high forces within their subject compo 
nents. In addition, Some components, such as turbine blades, 
may also be subjected to high temperatures. As a result, bonds 
between the Substrate structure and the coating may be chal 
lenged. In some cases, the stresses applied to coated compo 
nents can cause viscous or inelastic deformations in the coat 
ings relative to the Substrate structures (i.e., creep), with Such 
deformations typically occurring in the direction of the loads. 
In rotating components, the direction of the loads is typically 
the radial direction. 

Therefore, those skilled in the art seek new systems and 
methods for reducing inelastic deformation of coatings on 
rotating components. 

BRIEF DESCRIPTION OF THE INVENTION 

According to one aspect of the invention, a method for 
adhering a coating to a substrate structure comprises selecting 
a Substrate structure having an outer Surface oriented Substan 
tially approximately parallel to a direction of radial stress, 
modifying the outer Surface to provide a textured region hav 
ing steps to adhere a coating thereto, and applying a coating to 
extend over at least a portion of the textured region and to 
adhere to the outer surface, wherein the steps are oriented 
substantially perpendicular to the direction of radial stress so 
as to resist deformation of the coating relative to the substrate 
Structure. 

According to another aspect of the invention, a rotating 
component comprises a Substrate structure having an outer 
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Surface oriented Substantially approximately parallel to a 
direction of radial stress. The outer surface defines a textured 
region having steps to adhere a coating thereto, and a coating 
extends over at least a portion of the textured region and 
adheres to the outer surface. The steps are oriented substan 
tially perpendicular to the direction of radial stress So as to 
resist deformation of the coating relative to the substrate 
Structure. 

These and other advantages and features will become more 
apparent from the following description taken in conjunction 
with the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

The Subject matter, which is regarded as the invention, is 
particularly pointed out and distinctly claimed in the claims at 
the conclusion of the specification. The foregoing and other 
features and advantages of the invention are apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 is a drawing of an exemplary substrate structure 
ready to be modified so as to include steps in accordance with 
the invention; 

FIG. 2 a drawing of an exemplary substrate structure that 
has been modified so as to include steps in accordance with 
the invention; 

FIG.3 is a drawing of an exemplary substrate structure that 
has been modified so as to include steps in accordance with 
the invention; 

FIG. 4 is an enlarged drawing of a step as shown in FIG.3: 
FIG. 5 is a drawing of an exemplary substrate structure that 

has been modified so as to include steps in accordance with 
the invention; 

FIG. 6 is an enlarged drawing of a step as shown in FIG. 5: 
FIG. 7 is a drawing of an exemplary substrate structure that 

has been modified so as to include steps in accordance with 
the invention; 

FIG. 8 is an enlarged drawing of a step as shown in FIG. 7: 
FIG.9 is a drawing of an exemplary substrate structure that 

has been modified so as to include steps in accordance with 
the invention; 

FIG. 10 is an enlarged drawing of a step as shown in FIG. 
9; 

FIG. 11 is a drawing of an exemplary substrate structure 
that has been modified so as to include steps in accordance 
with the invention; 

FIG. 12 is a drawing of an exemplary coated substrate 
structure that has been modified so as to include steps and a 
coating in accordance with the invention; 

FIG. 13 is a drawing of an exemplary coated substrate 
structure that has been modified so as to include steps and a 
coating in accordance with the invention; and 

FIG. 14 is a drawing of an exemplary coated substrate 
structure that has been modified so as to include steps and a 
coating in accordance with the invention. 
The detailed description explains embodiments of the 

invention, together with advantages and features, by way of 
example with reference to the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows an exemplary substrate structure 100 config 
ured to operate as a turbine blade in a gas turbine engine. 
Accordingly, substrate structure 100 includes an airfoil sec 
tion 110 oriented along a radial axis 120 and coupled to a 
blade root 135 configured with a dovetail shape for retention 
by a turbine disk. In accordance with aerodynamic consider 
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ations, airfoil section 110 includes a thickened leading edge 
112 and a relatively thin trailing edge 114. Between leading 
edge 112 and trailing edge 114, airfoil section 110 includes an 
outer surface 116 having a concave pressure side 117 and a 
convex suction side 118. Substrate structure 100 also includes 
an inner shroud 130 positioned between airfoil section 110 
and blade root 135. Shroud 130 is oriented approximately 
perpendicular to radial axis 120 (i.e., in a circumferential 
orientation). In an exemplary embodiment, Substrate struc 
ture 100 may comprise any material suitable for the environ 
ment and duty cycle in which substrate structure will perform. 
For example, substrate structure 100 may comprise steel, 
nickel, titanium, aluminum, chromium, molybdenum, and 
composite materials including those with carbon and/or sili 
con carbide fibers. 
As shown in FIG. 2, similarly to the substrate structure 100 

depicted in FIG. 1, an exemplary substrate structure 200 
includes an airfoil section 210 oriented along a radial axis 220 
and coupled to a blade root 235 configured with a dovetail 
shape for retention by a turbine disk. Substrate structure 200 
also includes an inner shroud 230 positioned between airfoil 
section 210 and blade root 235, and shroud 230 is oriented 
approximately perpendicular to radial axis 220 (i.e., in a 
circumferential orientation). Notably, an outer surface 216 of 
airfoil section 210 defines a series of steps 240 which form a 
textured region 242 covering, in this embodiment, the entirety 
of airfoil section 210 on both its concave pressure side 217 
and its convex suction side 218. Steps 240 are oriented sub 
stantially approximately parallel to one another and Substan 
tially perpendicular to the radial axis 220 of the substrate 
structure. In this embodiment, steps 240 extend from the 
leading edge 212 to the trailing edge 214 in an orientation that 
is also Substantially approximately parallel to a direction of 
flow of a working fluid of the gas turbine engine in which the 
substrate structure 200 is to operate. Accordingly, in embodi 
ments where an exterior Surface of an applied coating reveals 
the steps of the textured region, the contours will be oriented 
along the streamlines of the flow, inducing less disruption 
than if the contours were oriented at an oblique angle to the 
streamlines. 

It should be noted that, as used herein, the orientation of the 
radial axis 220 is defined by the orientation of the maximum 
stresses imposed on Substrate structure 200 in operation, as 
installed in a turbine engine and as retained by a rotating 
turbine disk. Accordingly, as the substrate structure 200 
rotates, the radial stresses imposed on the Substrate structure 
200 are, by definition, oriented along the radial axis 220. 
Since the outer surface 216 of substrate structure 200 is ori 
ented Substantially approximately parallel to a direction of 
radial stress when viewed as a whole, a bond between the 
outer Surface 216 and a coating applied over the outer Surface 
is generally and primarily Subjected to a shear stress. Thus, in 
the absence of steps 240, the ability of the bond to resist creep 
is primarily dependent upon the strength of the bond in shear. 

In an exemplary embodiment of the invention, however, 
since steps 240 are oriented substantially perpendicular to the 
radial axis 220, and thus the direction of the radial stresses 
(i.e., the direction of maximum loading), the steps 240 pro 
vide a mechanism for assisting a coating to resist creep rela 
tive to the steps 240 and the textured region 242 they define on 
the outer surface 216 of substrate structure 200. To accom 
plish this, the steps 240 (including their shapes, configura 
tions, depths, orientations, and spacing) are configured to 
provide a series of buttresses (i.e., bearing Surfaces) against 
which the coating may bear. As a result, the coating may resist 
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4 
creep, at least locally adjacent to the bearing Surfaces, through 
its strength in compression, thereby enabling the coating to 
better resist creep. 

In an exemplary embodiment, the steps 240 may be shal 
low, square-edged, and/or recursive, and due to the Substan 
tially approximately parallel orientation of steps 240, the 
textured region may bear a ruled appearance. The dimensions 
of the steps 240 are typically sufficiently great in magnitude 
that the textured region provides a stepped Surface texture 
rather than merely a stepped grainstructure, and the steps 240 
thus provide a means for resisting viscous or inelastic defor 
mation (i.e., creep) of any coating (such as a protective coat 
ing) that may be applied over or otherwise adhered to textured 
region 242. Accordingly, The stepped surface of the textured 
region 242 acts as a self-bonding Substrate to which a coating 
may be adhered. 
To form the steps 240, the outer surface 216 may be 

machined before application of a coating over the textured 
region 242 of the substrate structure 200. Alternatively other 
methods known in the art may be used including mechanical 
grinding, laser cutting, chemical etching, burnishing, 
embossing, stamping, cold forming, casting, molding, or 
forging. In an exemplary embodiment, tooling used to form 
the steps 240. Such as a mold for casting or a mask for 
chemical etching or a tool for machining or embossing or 
stamping, is shaped to be complementary to the contours of 
the steps 240. In another exemplary embodiment, steps 240 
are formed through a series of machining and/or laser etching 
passes. Therefore, another exemplary tool is shaped to be 
complementary to a single step. 

After a coating is applied over the textured region 242, the 
coating may be configured to form a relatively uniform and 
smooth outer surface that is substantially free from steps or 
other discontinuities. Alternatively, an exterior Surface of an 
applied coating may be configured so as to reveal the steps of 
the textured region, and the contours may be oriented to be 
aligned substantially with streamlines of the flow of the work 
ing fluid passing over the component. Exemplary coatings 
may be ceramic or metallic (e.g., containing nickel) and may 
be selected and/or configured so as to resist oxidation, ero 
Sion, heat transfer, and/or contamination that might otherwise 
impact the performance and/or life of the substrate structure, 
while bonding effectively to substrate structure 200. 
As shown in FIG. 3, a substrate structure 300 is disposed 

along a radial axis 320 such that an outer surface 316 of 
substrate structure 300 is oriented substantially approxi 
mately parallel to radial axis 320 and includes a series of steps 
340 that are oriented substantially approximately parallel to 
one another and Substantially perpendicular to the radial axis 
320. A coating 350 extends over the steps 340 that form the 
textured region of the outer surface 316, and the coating 350 
is bonded or adheres to the outer surface 316. In this embodi 
ment, the coating is configured to form a relatively uniform 
and smooth outer surface that is substantially free from steps 
or other discontinuities. It should be appreciated, however, 
that alternative embodiments are possible wherein an applied 
coating is configured to reveal the steps of the textured region. 
In some embodiments, the contours may also be oriented 
along the streamlines of the flow, inducing less disruption 
than if the contours were oriented at an oblique angle to the 
streamlines. These streamlines may or may not be oriented in 
parallel to the steps 340. 
As shown in FIG. 4, which depicts an enlarged section of 

the substrate structure 300 of FIG.3, each step 340 includes a 
step nose 345 and a step knee 346. Step nose 345 is a sharp 
corner defined by the intersection of shear surface 343 and 
bearing surface 344. In this embodiment, bearing surface 344 
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is approximately (e.g., within 15 degrees of being) perpen 
dicular to radial axis 320, and shear surface 343 is approxi 
mately (e.g., within 15 degrees of being) parallel to radial axis 
320. Accordingly, shear surface 343 and bearing surface 344 
meet at step nose 345 where they form an approximate (e.g., 
between about 70 degrees and 110 degrees) 90 degree angle 
relative to one another. At step knee 346, which is a sharp 
inside corner, bearing Surface 344 meets another shear Sur 
face 348 to form the step knee 346, which has a knee angle 
342 of approximately about 90 degrees. 

In operation with a coating applied over steps 340, and with 
a radial load applied to the coating, the coating may bear 
against the bearing Surface 344 So as to resist creep. There 
fore, the coating can rely upon its internal strength in com 
pression while pressing against bearing Surface 344 (rather 
than merely the shear strength of its bond with a surface such 
as the shear surfaces 343, 348) to resist creep relative to 
substrate structure 300. In an exemplary embodiment, the 
dimensions of the bearing wall are selected so as to achieve a 
desirable balance among design considerations including a 
rate of heat transfer through the coating, uniformity of the 
outer Surface of the coating, mechanical integrity of the Sub 
strate structure and the coating, resistance to oxidation, resis 
tance to erosion, resistance to contamination, and/or adhesion 
of the coating to the Substrate structure, all at operational 
levels. The coating may be deposited at a thickness charac 
teristic of a process selected from spraying, sintering, flame 
spraying, vapor deposition, Sputtering, and electro-less coat 
1ng. 
As shown in FIG. 5, a substrate structure 400 is disposed 

along a radial axis 420 Such that an outer Surface 416 is 
oriented substantially approximately parallel to radial axis 
420 and includes a series of steps 440 that are oriented sub 
stantially approximately parallel to one another and Substan 
tially perpendicular to the radial axis 420. As shown in FIG. 6, 
which depicts an enlarged section of the Substrate structure 
400 of FIG. 5, each step 440 includes a step nose 445 and a 
step knee 446. Step nose 445 is a sharp corner defined by the 
intersection of shear surface 443 and bearing surface 444. In 
this embodiment, bearing Surface 444 is oriented at a rela 
tively steep angle (e.g., approximately 45 degrees from per 
pendicular) relative to radial axis 420. Shear surface 443 is 
approximately (e.g., within 15 degrees of being) parallel to 
radial axis 420. Accordingly, shear Surface 443 and bearing 
surface 444 meet at step nose 445 where they form an 
approximate 45 degree angle relative to one another. 

At step knee 446, which is a sharp inside corner, bearing 
surface 444 meets another shear surface 448 to form the step 
knee 446, which has a knee angle 442 of approximately about 
45 degrees. In operation with a coating applied over steps 440, 
and with a radial load applied to the coating, the coating may 
bear against the bearing Surface 444 so be compressed into 
step knee 446 and to resist creep. Therefore, the coating can 
rely upon its internal strength in compression while pressing 
against bearing Surface 444 (rather than merely the shear 
strength of its bond with a surface Such as the shear Surfaces 
443, 448) to resist creep relative to substrate structure 400. 
As shown in FIG. 7, a substrate structure 500 is disposed 

along a radial axis 520 such that an outer surface 516 is 
oriented Substantially approximately parallel to radial axis 
520 and includes a series of steps 540 that are oriented sub 
stantially approximately parallel to one another and Substan 
tially perpendicular to the radial axis 520. As shown in FIG.8. 
which depicts an enlarged section of the Substrate structure 
500 of FIG. 7, each step 540 includes a step nose 545 and a 
step knee 546. Step nose 545 is a sharp corner defined by the 
intersection of shear surface 543 and bearing surface 544. In 
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6 
this embodiment, bearing Surface 544 is approximately (e.g., 
within 15 degrees of being) perpendicular to radial axis 520, 
and shear surface 543 is approximately (e.g., within 15 
degrees of being) parallel to radial axis 520. Accordingly, 
shear surface 543 and bearing surface 544 meet at step nose 
545 where they forman approximate 90 degree angle relative 
to one another. 
At step knee 546, which is a continuous inside corner, 

bearing Surface 544 is gradually contoured to meet a similarly 
gradually contoured shear surface 548 to form the continuous 
step knee 546, which has a knee angle 542 of approximately 
about 90 degrees. In operation with a coating applied over 
steps 540, and with a radial load applied to the coating, the 
coating may bear against the bearing Surface 544 So as to 
resist creep while reducing the potential for stress concentra 
tions and discontinuities associated with a more sharply 
defined inside corner. Therefore, the coating can rely upon its 
internal strength in compression while pressing against bear 
ing surface 544 (rather than merely the shear strength of its 
bond with a surface such as the shear surfaces 543, 548) to 
resist creep relative to substrate structure 500. 
As shown in FIG. 9, a substrate structure 600 is disposed 

along a radial axis 620 such that an outer surface 616 is 
oriented Substantially approximately parallel to radial axis 
620 and includes a series of steps 640 that are oriented sub 
stantially approximately parallel to one another and Substan 
tially perpendicular to the radial axis 620. As shown in FIG. 
10, which depicts an enlarged section of the substrate struc 
ture 600 of FIG.9, each step 640 includes a step nose 645 and 
a step knee 646. Step nose 645 is a sharp corner defined by the 
intersection of shear surface 643 and bearing surface 644. In 
this embodiment, bearing Surface 644 is approximately (e.g., 
within 15 degrees of being) perpendicular to radial axis 620, 
and shear Surface 643 is approximately (e.g., within 15 
degrees of being) parallel to radial axis 620. Accordingly, 
shear Surface 643 and bearing Surface 644 meet at step nose 
645 where they forman approximate 90 degree angle relative 
to one another. 
At step knee 646, which, as shown in FIG. 10, is a continu 

ous inside corner, bearing Surface 644 meets another shear 
surface 648 to form the step knee 646, which has a knee angle 
642 of approximately about 90 degrees. It should be appre 
ciated, however, that the profile of a step 640 may also be 
configured such that bearing Surface 644 is Substantially per 
pendicular to shear surface 643 while step knee 646 defines a 
discontinuous, sharp inside corner of approximately about 90 
degrees, and a profile of shear surface 648 is substantially 
straight, oriented substantially parallel to shear surface 643. 
In operation with a coating applied over steps 640, and with a 
radial load applied to the coating, the coating may bear 
against the bearing Surface 644 So as to resist creep. There 
fore, the coating can rely upon its internal strength in com 
pression while pressing against bearing Surface 644 (rather 
than merely the shear strength of its bond with a surface such 
as the shear surfaces 643, 648) to resist creep relative to 
substrate structure 600. 
As shown in FIG. 11, a turbine assembly 700 comprises a 

substrate structure 780 in the form of a turbine disk config 
ured for retaining a plurality of turbine blades 710. An outer 
surface of substrate structure 780 defines a series of steps 740 
which form a textured region 742 covering, in this embodi 
ment, a substantial portion of substrate structure 780. Steps 
740 are oriented substantially approximately parallel to one 
another and substantially perpendicular to a radial axis 720 of 
the substrate structure 780. Put another way, steps 740 are 
oriented Substantially along a circumferential direction of the 
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substrate structure 780 so as to resist creep relative to sub 
strate structure 780 due to stresses oriented in the radial 
direction. 

FIG. 12 shows a cutaway of an exemplary substrate struc 
ture 1280 that has been modified so as to include steps 1240 
and has had a coating 1290 applied so as to cover the steps 
1240 and to produce a desirable exterior surface profile and 
finish. As one skilled in the art will appreciate, coating 1290 
and substrate structure 1280 are selected and configured so as 
to meet specific design criteria and mission requirements of 
their particular application. For example, where a substrate 
structure 1280 is to be installed in a gas turbine engine, 
substrate structure 1280 is selected and configured so as to 
satisfy structural and/or other requirements that are associ 
ated with that installation, while coating 1290 is selected and 
configured so as to provide qualities such as protective quali 
ties to the coated Substrate. These qualities may qualities Such 
as, but not limited to, thermal resistance or conductivity, 
oxidation resistance, erosion resistance, friction resistance or 
enhancement, Surface tension, material strength, hardness, 
and permeation resistance (i.e., hermetic Sealing). Similarly, 
FIG. 13 shows a cutaway drawing of another exemplary sub 
strate structure 1380 that has been modified so as to include 
steps 1340 and has had a coating 1390 applied so as to cover 
the steps 1340 and produce a desirable external surface profile 
and finish. FIG. 14 shows another cutaway drawing of another 
exemplary substrate structure 1480 that has been modified so 
as to include steps 1440 and that has had a coating 1490 
applied so as to cover the steps 1440. 

Accordingly, the invention provides systems and methods 
for reducing inelastic deformation of coatings on rotating 
components that operate at sufficiently high rotations and 
temperatures Such that creep is a concern. Such components 
include, without limitation, turbine airfoils and disks. Thus, 
the invention provides a system and method for reducing 
creep on coatings, such as thermal barrier coatings, and/or 
oxidation resistant coatings applied to turbine blades/buckets 
in aviation and energy applications where gas path tempera 
tures often exceed 2000 degrees F. Accordingly, the invention 
can enable Substantial improvements in the durability and 
service life of rotating turbo machine components. The inven 
tion may also enable rotating components to operate at 
reduced levels of cooling flow, resulting in improvements in 
cycle efficiencies and power production. 

While the invention has been described in detail in connec 
tion with only a limited number of embodiments, it should be 
readily understood that the invention is not limited to such 
disclosed embodiments. Rather, the invention can be modi 
fied to incorporate any number of variations, alterations, Sub 
stitutions or equivalent arrangements not heretofore 
described, but which are commensurate with the spirit and 
scope of the invention. Additionally, while various embodi 
ments of the invention have been described, it is to be under 
stood that aspects of the invention may include only some of 
the described embodiments. Accordingly, the invention is not 
to be seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 
The invention claimed is: 
1. A method for adhering a coating to a substrate structure, 

the method comprising: 
Selecting a substrate structure having an outer Surface ori 

ented substantially parallel to a direction of radial stress; 
modifying an entirety of the outer Surface to provide a 

textured region having steps to adhere a coating thereto; 
and 

applying a coating to extend over at least a portion of the 
textured region and to adhere to the outer Surface; 
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8 
wherein the modifying of the outer Surface comprises 

forming each of the steps to define a nose at which first 
ends of shear and bearing Surfaces meet to define a first 
angle and a knee at which second ends of the shear and 
bearing Surfaces meet to define a second angle oppo 
sitely oriented relative to the first angle, 

the shear Surface of each step being Substantially straight 
along an entirety thereof and parallel with each of the 
respective shear Surfaces of the other steps, the bearing 
Surface of each step being curved along an entirety 
thereof and parallel with each of the respective bearing 
Surfaces of the other steps such that corresponding por 
tions of each of the steps are oriented in parallel with one 
another and each of the steps are oriented approximately 
perpendicular to the direction of radial stress So as to 
resist deformation of the coating relative to the substrate 
Structure. 

2. A method as described in claim 1, further comprising 
orienting the steps approximately along a circumferential 
direction of the substrate structure. 

3. A method as described in claim 1, further comprising 
forming each of the steps so as to define the bearing Surface 
against which a coating may bear So as to resist creep through 
compression of the coating. 

4. A method as described in claim 3, further comprising 
orienting the bearing Surface within approximately 15 
degrees relative to perpendicularity with respect to the direc 
tion of radial stress. 

5. A method as described in claim 3, further comprising 
orienting the bearing Surface so as to forman angle that is less 
than about 90 degrees relative to the direction of radial stress. 

6. A method as described in claim 3, further comprising 
orienting the bearing Surface so as to form an angle that is 
between about 90 degrees and about 45 degrees relative to the 
direction of radial stress. 

7. A method as described in claim 3, further comprising 
orienting the bearing Surface approximately about 45 degrees 
relative to the direction of radial stress. 

8. A method as described in claim 1, further comprising 
forming each of the steps so as to define a discontinuous knee 
including a secondary shear Surface recessed from the shear 
Surface. 

9. A method as described in claim 1: 
wherein said applying a coating is performed Such that said 

coating adheres directly to the outer Surface; 
further comprising depositing the coating at a thickness 

characteristic of a process selected from spraying, sin 
tering, flame spraying, vapor deposition, Sputtering, and 
electro-less coating. 

10. A method as described in claim 1, wherein the substrate 
structure is a turbine airfoil. 

11. A method as described in claim 1, wherein the substrate 
structure is a turbine disk. 

12. A method as described in claim 1, wherein the modi 
fying comprises machining the outer Surface. 

13. A method as described in claim 1, wherein the modi 
fying comprises one or more of grinding, laser cutting, 
chemical etching, burnishing, embossing, stamping, cold 
forming, casting, molding or forging the outer Surface. 

14. A method for adhering a coating to a substrate structure, 
the method comprising: 

selecting a Substrate structure having an outer Surface ori 
ented substantially parallel to a direction of radial stress; 

modifying an entirety of the outer Surface to provide a 
textured region having steps to adhere a coating thereto, 
the modifying comprising forming each of the steps to 
define a nose at which first ends of shear and bearing 
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Surfaces meet to define a first angle and a knee at which 
Second ends of the shear and bearing surfaces meet to 
define a second angle, which is oppositely oriented rela 
tive to the first angle; and 

applying a coating to extend over at least a portion of the 
textured region and to adhere to the outer surface, 

wherein the steps are oriented approximately perpendicu 
lar to the direction of radial stress so as to resist defor 
mation of the coating relative to the substrate structure 
and the first and second angles are acute and of substan 
tially equal magnitude such that the nose overhangs the 
knee of each step relative to a direction defined perpen 
dicularly with respect to the direction of radial stress. 

15. The method according to claim 14, wherein the steps 
are parallel and each of the first and second angles of each of 
the steps are acute and of substantially equal magnitude. 

16. A method for adhering a coating to a substrate structure, 
the method comprising: 

Selecting a substrate structure having an outer surface ori 
ented substantially parallel to a direction of radial stress: 

10 
modifying an entirety of the outer surface to provide a 

textured region having grooves to adhere a coating 
thereto, the modifying comprising forming each of the 
grooves to define a nose at which first ends of shear and 
bearing surfaces meet to define a first angle and a knee at 
which second ends of the shear and bearing surfaces 
meet to define a second angle, which is oppositely ori 
ented relative to the first angle; and 

applying a coating to extend over at least a portion of the 
textured region and to adhere to the outer surface; 

wherein the shear surface of each step is substantially 
straight along an entirety thereof and parallel with each 
of the respective shear surfaces of the other steps, the 
bearing surface of each step is curved along an entirety 
thereof and parallel with each of the respective bearing 
Surfaces of the other steps and the steps are oriented 
approximately perpendicular to the direction of radial 
stress so as to resist deformation of the coating relative to 
the substrate structure. 


